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© Use off Intercellular adhesion moleculea, and their binding Uganda In the treatment of asthma. 

® The present invention relates to the use of intercellular adhesion molecules (ICAM-I), their functional 
derivatives, and molecules which bind to. them, in the treatment of asthma. 
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phocytes are unable to adhere in a normal fashion due to the lack of functional adhesion molecules of the 
CDI 8 family. 

Thus, in summary, the ability of leukocytes, especially lymphocytes to maintain the health and viability 
of an animal requires tfmt they be capable of adhering to other cells (such as endott>elial cells). This 
adherer>ce has been found to require ceD-cell contacts which involve specific receptor molecules present on 
the cell surface of the lymphocytes. These receptors enable a lymphocyte to adhere to other lymphocytes 
or to endothelial, and other non-vascular cells. The cell surface receptor molecules have been found to be 
highly related to or>e arwther. Humans wtiose lymphocytes tack these cell surface receptor molecules 
exhibit defective antibody responses, chronic and recurring infections, as well as other clinical symptoms. 



B. Asthma: Clinical Characteristics 

Asthma is a f)eterogeneous family of diseases. It is characterized by a hyper-responsiveness of the 

15 tracheotKonchi to stimuli (McFadden. E.R. et al.. In: Harrison's Principles of Internal Medicine . 10th Ed.. 
Petersdorf, R.Q. et al.. Eds.. McGraw*Hill. NY (1983). pages 1512- 1519); Kay. A.B.. Allergy and Inflamma- 
tion. Academic Press. NY (1987); which references are incorporated herein by reference). Clinically, asthma 
is manifested by the extensive narrowing of the tracheot>fonchi. by thick tenacious secretions, by par- 
oxysms of dyspnea, cough. arKl wheezing. Although the relative contritnition of each of these conditions is 

20 unkrtown. the net result is an increase in airway resistance, hyperinflation of the lungs and thorax, abnormal 
distribution of ventilation and pulmonary bkxxJ flow. The disease is manifested in episodic periods of acute 
sypmtoms interspersed t)etween symptom-free periods. The acute episodes result in hypoxia, and can t>e 
fatal. Approximately 3% of the general world population suffers from the disease. 

Two types of asthma have been described: allergic asthma and idiosyncratic asthma. Allergic asthma is 

2$ usually associated with a heritable allergic disease, such as rhinitis, urticaria, eczema, etc. The condition is 
characterized by positive wt>eal-and-flare reactions to intradermal injections of airtx)me antigens (such as 
pollen, environmental or occupational pollutarrts, etc.). and increased serum levels of IgE. The development 
of allergic asthma appears to be causally related to the presence of IgE antibodies in many patients. 
Asthma patients who do not exhibit the at>ove-descrit)ed characteristics are considered to have idiosyncratic 

30 asthma. 

Allegic asthma is t>elieved to be dependent upon an IgE response controlled by T and B lymphocytes 
and activated by the interaction of airborr>e antigen with mast cell-bound pre-formed IgE molecules. The 
antigenic encounter must have occurred at concentrations sufficient to lead to IgE production for a 
prolonged period of time in order to sensitize an irulividual. Once sensitized, an asthma patient may exhibit 
35 symptoms in response to extremely k>w levels of antigen. 

Asthma symptoms may be exacerbated by the presence and level of the triggering antigen, envi- 
ronmental factors, occupational factors, physical exertion, and emotional stress. 

Asthma may t>e treated with methylxanthines (such as theophylline), beta-adrenergic agonists (such as 
catecholamines, resorcinols. saligenins. and ephedrine). glucocorticoids (such as hydrocortisone), inhibitors 
40 of mast cell degranulation (i.e. chromones such as cromolyn sodium) and anticholinergics (such as 
atropine). 
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C. Asthma: Immunological Characteristics 

Asthma is believed to invoh^e an influx of eosinophils C'eosinophilia") into the tissues of the lung 
(Frigas. E. at al.. J. Allergy Clin. Immunol. 77:527-537 (1986). which reference is incorporated herein by 
relerence). "Eosinophils contain an arginine-rich. sti'ongly basic protein which has been termed "MBP* 
(Gleich. Q.J. et al.. J. Exper. Med. 137:1459 (1973)). MBP comprises more than 50% of the granule protein 
of the eosinophiL 

MBP was found to be toxic to normal mammalian cells, and to be expressed at toxic levels In tissues 
evidencing eosinophilia. such as the lung tissue of asthma patients (Qteich. Q.J. et al.. J. Immunol. 123:2925 
(1975). The linkage t>etween MBP expression and asthma was strengthened by the discovery that the MBP 
levels found in the sputum of asthma patients was elevated relative to normal individuals (Frigas. E. et aT. 
Mayo Clin. Proc. 56:345 (1981)). Since the discovery of MBP. other cytotoxic eosinophil proteins have been 
identified (Frigas, "e! et al.. J. Allergy Clin. Immunol. 77:527-537 (1986)). 

Insight into the immunologica) basis o( asthma has t>een gained from the above-described studies, from 
bronchoalveolar lavage studies (Godard, P et al.. J. Allergy Clin. Immunol 70:88 (1982)). and studies of 




respiratory smooth musdo denuded ol epWwIium (RavBhan. NA et al.. J. Appl. Physiol M:854 (19^ 
Barnes. P. J. et al.. Br. J. Pharmacol. 88:685 (1985)). Although these studies have not led to the elucidatoo 
of the mechanTsf^uT^eTtying the immTnology of asthma, they have led to the development of a generaHy 
accepted hypothesis concerning the Intmunological etiology of the disease (see. Fngas. E. et al.. J. Aiiergy 

5 Clin. Immunol. 77:527-537 (1986)). . ^ ' k„»,= k„ 

—-fhThiiiSlSks Of the pathology of asthma are a massive infiltration of the hing ^^^^^^y^^^ 
eosinophils and the destruction of mucociliary capacity. The "eosinophil hypothesis suggests thjrt 
eosinophils are attracted to the t)ronchus In order to neutrafize hannful mediators ^^ased by the '^'ast cel^ 
of the lung. According to the hypothesis eosinophils are atuacted to the bronchi where they deo^an^Jte to 

,0 release MBP and other cytotoxic molecules. Upon degranulation. eosinophils release enzymes such as 
histaminase. arylsulfatase and phospholipase 0 which enzymatically neutralize the ham,ful mediators o me 
mast cell. These molecules also promote the destruction of the mucociliary apparatus, and thus prevent the 
clearing of the bronchial secretloos. and contribute to the lung damage characteristic of asfljma. 

Thus, it is believed that asthma is caused by the eosinophils which invade the bronchi in ar^ abnorma 

,5 response to primary effects of antigen presence. The MBP of the eosinophils damage 

the^onchi. Leukotrienes and Platelet Activating Factor CPAF') are produced by he ^o'-'^P'^'^; ''^J''"" 
in bronchial dilation. Molecules (such as MBP) released by the eosinophil can also activate mas^ cells to 
release leukotrienes and histamine, thereby causing both bronchospasm and increased ^^'"OP^*^^^. ^ 
In view of the clinical importance of asthma, A is highly desirable to identify new or improved therapies 

30 for treating asthma patients. 



SUMMARY OF THC INVENTION 

2S The present im^ention relates to the use of intercellular adhesion molecules HCAMs"). such as ICAM.- 
1 . and the functional derivatives of such ICAMs In the treatment of asthma. The '^^'^^^^^^""^^^^^^ 
the use of molecules (such as antibodies, or antibody fragments, or receptor ""o'f "'««V^*\"f J*' 
bSd to an intercellular adhesion molecule (or a derivative of an ICAM molecule) .n the ^e^'ment of a^^^^^ 
The Invention also includes an assay for detecting agents having therapeutic potential in the treatment of 

* "^Te invention additionally pertain, to a method for treating asthma in a patient which comprises 
providing to the patient an eHective therapeutic amount of an agent selected from the group consisting of. 

(a) an antibody capable of binding to ICAM-1: 

(b) a fragment of the antibody (a), the fragment being capable of binding to ICAM-i ; 
35 (c) ICAM-1 . being substantially free of natoral contaminants: 

(d) a functional derivative of ICAM-1: 

(e) an antibody capable of binding to a member ol the C018 family ol glycoproteins: 

(I) a fragment of the antibody (e). the fragment being capable ol binding to a member of the COiB 

(g^rmrtS^rof the C018 family of glycoproteins, being substantially free o, natural contaminants: 

(h) a functional derivative of a member of the CD18 family of glycoproteins. 
The invention further provide, a method of Identifying an agent capable of •^•'"P^''^^^^^^"^^^^ 
treatment ol asthma which compri«.s administering the agent to a non-human '"«^"^' 
» primate) having received multiple inhalations of an antigen and then measuring any Increase in airway 

responsiveness. 
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BRIfF DESCRIPTION OF THE FIGURES 

Figure 1 .how, the nucleotide and amino acid sequence of ICAM-1 <=DN'^-,The first ATG I^^^ 
position 58. Tran,.a,ed sequence, corre,pondino to ICAM-t tryptic P«P«^«»J« ""^^^J^^^^^ 
bic putative signal peptide and tranamembrane wquence, have a bold underline. N-lmked 9lycosyla«on 
^e^Z ZZ The'S.yadenylation signal AATAAA at po,it.on 2976 ., overMmed _T e ^^-^ » J^^^^^ 
lor the HL-60 cDNA clone. The endothelial cell cDNA was sequenced over most ol its length and showed 
only minor diHerences. 

Fiaure 2 shows the domain structure ol ICAM-1. . ^ »k 

Fijure 3 'hows eosinophil adherence lo Hat bottom tissue culture plate wells protem-coated with no 
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stimulus. proteffHXWted with PAF (10"' M) stimulus, immune complex (IC) coated and stimulus, and non- 
coated with no stimulus. Adhered cells were quantitated by a colorimetric assay for eosinophil peroxidase 

(EPO) as ban EPO units t S.D. 

Rgura 4 shows the effect of various monoclonal antibodies (MAbs) (supernatant 1:4 dilution) on 
eosinophil adherence to flat bottom tissue culture plate wells coated with immune complexes (IC). Adhered 
cells were quantitated by a colorimetric assay for eosinophil peroxidase (mean EPO units t S.D.). 
Statistically significant attenuation of adherence is signified by an asterisk. 

Figure 5 shows the effect of various monoclonal antibodies (MAbs) (supernatant 1 :4 dilution) on PAF 
(10"' M) induced eosinophil adherence to LPS (10 ng/ml)-stimulated and glutaraldehyde-fixed endothelium. 
Adhered cells were quantitated by a colorimetric assay for eosinophil peroxidase (EPO units t S.O.). 
Statistically significant attenuation of adherence is signified by an asterisk. 

Figure 6 shows the effects of anti-ICAM-1 (RRI/l). anti-LFA-1 beta (R15.7) and anti-HLA class 1 
(We/32) monoclonal antibodies (supernatant 1:4 dilution) on (A) platelet-activating factor (PAF, IQ-'m) 
induced eosinophil adhesion to lipopolysaccharide (LPS. 10 ng/ml>-stimulated human umbilical vein en- 
dothelium, and (B) eosinophil adhesion to flat bottom tissue culture plate wells coated with Ascaris extract 
(no stimulus) or immune complex (IC stimulus). Statistically significant attenuation of adherence is signified 
by an asterisk. 

Figure 7 shows the effect of the antl-ICAM-1 monoclonal antibody R6.5 on the (A) airway eosinophil 
infiltration and (B) increase in airway responsiveness (decrease in methacholine PCioo) induced by three 
alternate day inhalations of Ascaris in Ascaris-sensitive cynomegalus monkeys ( Macaca fascicularis ). 
Studies with R6.5 treatment are compared to bracketing control studies performed on each animal. 

Figure 8 shows changes induced by a single inhalation of antigen in (A) inhaled methacholine PCioo. 
(B) bronchoalveolar lavage (BAL) eosinophils. (C) BAL neutrophils. (D) BAL macrophages/monocytes, and 
(E) BAL lymphocytes. Xsq » Kruskal-Wallis Test (Chi-square approximation). NSD » no significant 
difference. Each letter represents an individual monkey. 

Figure 9 shows changes induced by multiple inhalations of antigen in (A) inhaled methacholine PCioo 
and (B) bronchoalveolar lavage (BAL) eosinophils. Xsq » Kruskal-Wallis Test (Chi-square approximation). 
Each tetter represents an ir)dividual monkey. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 



A. The Immunopathology of Asthma 

As indicated above, one of the most impcMtant and characteristic features of asthma is the extreme (10 
to 1000 times normal) sensitivity of the bronchi to inhaled agents (physical, chemical and physiological) 
(Boushey, H A. et al. Am. Rev. Respir. Pis. 121:389 (1980); Hargreave. F.E. et all. J. Allergy Clin. Immunol. 
68:347 (1981)). 

The severity of this **airway hyperresponsiveness" (which is measured clinically by determining the 
responsiveness of the airways to inhaled histamine, methacholine. cold air or to exercise) correlates with the 
intensity of_asthmatic symptoms (Hargreave, F.E. et al. J. Allergy Clin. Immunol. 68:347 (1981); Boulet. L-P 
et a!., J. Allergy Clin. Immunol. 71^:399 (1983); Chan-Yeung. M. et aL, Am. J. Med. 72:411 (1982)), diurnal 
variaiidns in peak How rates (Ryan G. et al.. Thorax 37:423 (1982)) and therapy required (Hargreave, F.E. et 
aL. J. Allergy Clin. Immunol. 68:347 (1981); Juniper. E.F. et aL, Thorax 36:575 (1981)). 

Although airway hyperresponsiveness in asthmatics can remain stable over several years (Juniper E.F. 
et Ll Thorax 37 288-291 (1982)), responsiveness has been shown to be increased by exposure to allergens 
(Bouiel L.-P. et al., J. Allergy. Clin. ImmunoL 71^:399-406 (1983). Cartier A. et aj.. J. Allergy Clin. Immunol. 
70:170-177 (1982)? (5ockcrott D.W, et aL. Clinical Allergy 7:503-513 (1977). Gundel R.H. et aL. Amer. Rev. 
Respir. Dis. (1989). Lanes S. et aL. J. Appl. Physiol. 6lT864-872 (1986). Marsh W.R. et aL. Amer. Rev. 
Respir. "Bii". 131:875-879 (1985),"5otomayor H. et aL. Amer. Rev. Respir Dis. 130:56-58 (1984)). air 
poltutantslQolden J.A. et aL. Amer. Rev. Respir. Dis. n8:287-294 (1978)), viral infections (Empey D.W. et 
aL. Amer. Rev. Respir. Dis. 113:131-139 (1976)) and certain occupational d chemicals (Chan-Yeung M. et 
aL. AmeT l Ued. 72 4lT415 (1982), Durham S.R. at aL. J. Allergy Clin. Immunol. 79:398-406 (1987). Lam 
37 eTalT X AiioTgy Clin. Immunol. 72:134-139 (1983). Lam S. et aL, J Allergy 6Un. Immunol. 63.28-34 
(lOT&jpnTacl. there is evidence to suggest thai airway hyperresponsiveness is a consequence rather that 
a predisposing factor of asthma (Bouiel L.-P. el aL. J. Allergy. Clin. Immunol. 71^:399-406 (1983), Chan- 
Yeung M. el aL. Amer. J. Med. 72:41 1-415 (1982). *5undel R.H. el aL. Amer. Rev. Respir. Dis. (1989). Marsh 
W R. et arA'm^r~Rev. Respir. Dis 131:875-879 (1985). Empey D.W. el aL. Arrer. Rev. Respir. Dis. 
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113:131-139 (1976). Lam S. et al.. J. Allergy Clin. Immunol. ^:28-34 (1979)). 

— While the mechanisms undetfying the pathogenesis ol ainray hyperrosponsiveness are not known, 
results from many studies suggest, as indicated above, that eosinophil infiltration and desquamation of the 
bronchial epitheKum are involved (OeMonchy. J.G.R. et aL. Am. Rev. Respir. Dis. 131:373 (1985): Lartinen. 
LA. et al.. Am. Rev. Respir. Ois. 137:82 (1988)). Since eosinophil mediators have been shown to damage 
airway epitheiialleilsln'vi^^ events may be linked (Frigas. E. et al.. J. Allergy Clin. Immunol. 
77:527 (1986)). 



to B. Asthma and Intercellular Adhesion 

The present invention derives, in part, from the devetopment of an assay capable of identifying agents 
having therapeutic potenttal in the treatment of asthma. 

As used herein, "asthma" refers to either allergic or Wiosyncratic asthma. An agent is said to have a 
>5 therapeutic potential in the treatment of asthma if it may lessen (ie. attenuate) the severity, extent or 
duration of the asthma symptoms. Such agents are preferably identified through the use of the following 
"asthma model system". As used herein, an agent is said to be able to treat asthma if. when administered 
to a patient, the agent is capable of attenuating either the severity, extent or duration of the asthma 

symptoms. . . ., , _ 

so One aspect of the present invention derives from the discovery that the migration of eosinophils into the 
lung is dependent upon intercellular adhesion, and specifically that such adhesion is dependent upon an 
"ICAM-l' ("Intercellular Adhesion Molecule>t ) interaction. 

As used herein, a molecule is a member of the CD18 family of glycoproteins is it contains either an 
alpha subunit ol a member of the CD18 family of glycoproteins (i.o. a CD11 subunit). a beta subunit of a 

25 member of the CD18 family of glycoproteins (i.e. a CD18 beta subunit). or both an alpha and a beta subunit 
of a member of the CD18 family of glycoproteins. Thus, as used herein, a member ol the CD18 family or 
glycoproteins includes motecules having only one subunit of a CD18 member as well as heterodimer (i.e. a 
molecule having both an alpha and a beta subunit of a member of the CD18 family. All such molecules may 
be either bound to a membrane or solid support or unbound (i.e. "soluble"). 

30 -ICAM-1" is the natural ligand for the C0 18 family of glycoprotein receptor molecules (Rothlein, R. et 
al.. J. Immunol. 137:1270 (1986): Marlin. S.D. et ah. Cell 51:813 (1987)). ICAM-1 is a 76-97 Kd Qlycoproteia 
iCAM-1 is not alieterodlmer. The identification, characterization, and amino acid sequence of ICAM-1. and 
the production of antibody reactive with ICAM-1 and other adhesion molecules are disclosed in European 
Patent Application Serial No. 289.949 (which reference is incorporated herein by reference) and in Rothlein. 

35 R et al. (J. Immunol. 137:1270-1274 (1986)). Smith. G.W. et al.. in Structure and Function ot Molecu es 
InvSTv^ in'l.eukocyte Adhesion. A S. Rosenthal, et 8l..Eds. (Springer-Verlag. New York. 1989); Smith. C.W^ 
et al.. J . ~ Clin. Invert .' eHTie (1988) and Barton. R.W. et al. J. Immunol. 143. (1989)). all of which 
references are incorporated herein by reference). 

In brief ICAM-1 is a cell surface glycoprotein expressed on non-hematopoietic cells such as vascular 

40 endothelial cells, thymic epithelial cells, certain other epithelial cells, and fibroblasts, and on hematopoietic 
cells such as tissue macrophages, mitogen-stimulated T lymphocyte blasts, and germinal centered B cells 
and dendritic cells in tonsils, lymph nodes, and Peyer's patches. ICAM-l is highly expressed on vascular 
endothelial cells in T cell areas in lymph nodes and tonsils showing reactive hyperplasia. ICAM-1 is 
expressed in low amounts on peripheral bkxxJ lymphocytes. ICAM-1 appears to be required lor neu rophil 
45 migration into inflamed tissues. Phorbol ester-stimulated differentiation of some myelomonocytic cell lines 
Greatly increases ICAM-l expression. Thus. ICAM-1 is preferentially expressed at sites of inflammation, and 
Ts not generally expressed by quiescent cells. ICAM-1 expression on demial fibroblasts Is Increased 
threefold to fivefold by either interleokin 1 or gamma interferon al levels of 10 U/ml over a period ol 4 or 10 
hours, respectively. The Induction is dependent on protein and mRNA synthesis and is reversible 
30 ICAM-1 displays molecular weight heterogeneity in different cell types with a molecular weight of 97 kd 
on fibroblasts. 114 kd on the myelomonocytic cell line U937. and 90 kd on the B lymphoblastold coll JY. 
ICAM-1 biosynthesis has been found to involve an approximately 73 kd intracellular precursor. The non-N- 
glycosylated form resulting from tunicamycin treatment (which inhibits glycosylation) has a molecular weight 

5S °' "cAM-1 isolated from phorbol ester stimulated U937 cells or from llbroblast cells yields an iderilical 
malor product having a molecular weight of 60 kd after chemical deglycosylallon. ICAM-1 monoclonal 
antibodies Interfere with the adhesion ol phytohemagglutlnin blasts to LFA-I dollcienl cell ^"e»- P'a<^«»'- 
mem ol libroblasls. but not lymphocytes, with monoclonal antibodies capable ol binding iCAM-l inhibits 
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lymphocyte-fibroblast adhesion. Pretroatment of lymphocytes, but not fibroblasts, with antibodies against 
LFA-1 has also been found to inhibit lymphocyte-fibroblast adhesion. 

ICAM-1 is, thus, the binding ligand of molecules of the CD18 family of glycoproteins. It Is inducible on 
fibroblasts and endothelial cells in vitro by inflammatory mediators such as IL-1. gamma interferon and 

5 tumor neaosis factor in a timeframe consistent with the infiltration of lymphocytes into inflammatory 
lesions in vivo (Dustin. M.L., et. aL. J. Immunol 137:245*254, (1986); Prober. J.S., ©t. aL, J. Immunol 
137:1883-1896, (1986)). FurtherlCAM-l is expressed on non-hematopoietic cells such as vascular endothe- 
lial cells, thymic epithelial cells, other epithelial cells, and fibroblasts and on hematopoietic cells such as 
tissue macophages, mitogen-stimulated T lymphocyte blasts, and germinal center B-cells and dendritic 

10 cells in tonsils, lymph nodes and Payer's patches (Dustin. M.L, aj;. J; Immunol 137:245-254, (1986)). 
ICAM*1 is expressed on keratinocytes in benign inflammatory lesions such as allergic eczema, lichen 
planus, exanthema, urticaria and bullous diseases. Allergic skin reactions provoked by the application of a 
hapten on the skin to whfch the patient is allergic also revealed a heavy ICAM-1 expression on the 
keratinocytes. On the other hand toxic patches on the skin did not reveal ICAM-1 expression on the 

15 keratinocytes. ICAM-1 is present on keratinocytes from biopsies of skin lesions from various dermatological 
disorders and ICAM-1 expression is induced on lesior.c from allergic patch tests while keratinocytes from 
toxtc patch test lesions failed to express ICAM*1. 

Yet another aspect of the invention is the discovery that agents which prevent or inhibit cellular 
adhesion may be employed in the treatment of asthma. 

20 One example of agerrts which may be used in accordance with the present invention are ICAM-1 and 
functkxtal derivatives of ICAM-1. Since ICAM-1 mediates cellular adhesion by binding to a receptor 
mclecule on the eosinophil ceil surface, functional derivatives of ICAM-1 which can bind to the ICAM-i 
receptor present on eosinophils will compete with the ICAM-1 on lung endothelial cells, thus attenuating 
cellular adhesion of the eosinophils, and providing a treatment for asthma. 

?5 A "functional derivative" of ICAM-1 is a compound which posesses a biological activity (either functional 
or stnictural) that is substantially similar to a biological activity of ICAM-1. The term "functional derivatives" 
is intended to include the "fragments," "variants." "analogs," or "chemical derivatives" of a molecule. A 
"fragment" of a nrralecule such as ICAM-1, is meant to refer to any polypeptide subset of the molecule. 
Fragments of ICAM-1 which have ICAM-1 activity and which are soluble (i.e not membrane bound) are 

30 especially preferred. 

ICAM-1 is composed of 7 domains (Staunton, D.E. et aL, Immunol. Today 9:213-215 (1988); Staunton, 
D.E. et al.. Cell 52:925-934 (1988); Staunton, D.E. et al.. Cell 56:849-854 (1989); Staunton, D.E. et aL, Tissue 
Antigens 33:287 (1989), all of which references are incorporated herein by reference). The domains of 
ICAM-1 are"shown in Figure 2. Domains 1 and 2 have been found to be important for the binding of ICAM-1 

35 to its receptor molecule (Staunton. D.E. el aL, Tissue Antigens 33:286 (1989); Staunton, D.E. et aL, FASEB 
J. 3:A446 (1989) both of which references are incorporated herein by reference). In accordance with the 
present invention. ICAM-1 functional derivatives, and especially such derivatives which comprise fragments 
or mutant variants of ICAM-1 which possess both domains 1 and 2 can be used in the treatment or therapy 
of asthma. More preferred for such treatment or therapy are ICAM-1 fragments or mutant variants which 

40 contain domain 2 of ICAM-1. Most preferred for such treatment or therapy are ICAM-1 fragments or mutant 
variants which contain domain 1 of ICAM-1. 

A "variant" of a molecule such as ICAM-1 is meant to refer to a molecule substantially similar in 
structure and function to either the entire molecule, or to a fragment thereof. 

A molecule is said to be "substantially similar" to another molecule if both molecules have substantially 

45 similar structures or if both molecules possess a similar biological activity. Thus, provided that two 
molecules possess a similar activity, they are considered variants as that term is used herein even if the 
structure of one of the molecules not found in the other, or If the sequence of amino acid residues is not 
Iderrtlcal. An "analog" of a molecule such as ICAM-1 Is meant to refer to a molecule substantially similar in 
function to either the entire molecule or to a fragment thereof. As used herein, a molecule Is said to be a 

50 "chemical derivative" of another molecule when It contains additional chemical moieties not normally a part 
of the molecule. Such moieties may improve the molecule's solubility, absorption, biological hall life. etc. 
The moieties may alternatively decrease the toxicity of the molecule, eliminate or attenuate any undesirable 
side effect of the molecule, etc. Moieties capable of mediating such effects are disclosed in Remington's 
Pharmaceutical Sciences (1980). "Toxin-derivatized" molecules constitute a special class of "chemical 

55 derivatives." A "toxm-derivatized" molecule is a molecule (such as ICAM-1 or an antibody) which contains a 
toxin moiety. The binding of such a molecule to a cell brings the toxin moiety into close proximity with the 
cell and thereby promotes cell death. Any suitable toxin moiety may be employed; however, it Is preferable 
to employ toxins such as. for example, the rlcln toxin, the diphtheria toxin, radioisotopic toxins, membrane- 
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channe»-tonning todns. etc. Procedure tor coupfing such moieties to a molecule are well known .n the art^^ 
An additional example of agents which may be used In accordance with the present Inventton to trea^ 
asthma are LFA-I. Mac-1 or p150.95. or the functional derivatives of these molecules. Such "'otecules and 
their functional derivatives can provide a treatment for asthma by virtue of ttieir capacity to bind to the 
5 ICAM-i of endothelial cells; and thus impair the ability of such cells to mediate binding and adhesion of 

**"'wspecial interest to ttie present invention are functional derivatives of LFA-1. Mac-1 or pi 50.95 which 
are soluble molecules. M special interest are functional derivatives of these molecules *hich are 
heterodimers (containins bott) the alpha and beta subunits of the molecules) and monomenc denvatives 
TO ccpable of binding ICAM 1. Soluble heterodimers are especially preferred. 

ICAM-I and ttie members of the C018 family of molecules are immunogenic molecules. Thus, i is 
possible to obtain antibodies capable of binding to ICAM-l or members of the C018 family of molecu es. 
Such antibodies may be used in accordance witti the methods of the present invention in the treatment of 

,s Such antibodies may be obtained by introducing either the purified molecules (or cells which naturaMy 
express these molecules) into an appropriate animal, as by intraperitoneal injection, etc. " f e^ired he 
senlm of such an animal may be removed and used as a source of polyclonal antibodies "Pable of bmdmg 
these molecules. It is. however, preferable to remove splenocytes from such animals, to J^se ^uch spleen 
cells witti a myeloma cell line and to permit such fusion cells to fonn a hybridoma cell which secretes 

20 monoclonal antibodies capable of binding ICAM-l or members of ttie CD18 family of molecules^ 

The hybridoma cells, obtained in ttie manner described above may be screened as descnbed above to 
identity desired hybridoma cells that seaete antibody capable of binding either to ICAM-I or to members of 
the CD18 family of molecules (either the alpha or beta subunit). ^ ^ . ^ 

Since such antibodies have the capacity to bind to ICAM-1 or its receptor, they (and their fragments 

25 having antigen binding ability, such as Fab. F(ab)2. ete.) may be used to attenuate cellular adhesion, and 
ttius provide an additional example of an agent which may be used in accordance with the present invention 

'° 'X* i"?Mt*ed above, both polyclonal and monoclonal antibodies may bo employed accordance with 
the present invention. Of special interest to ttie present invention are ant.bod.es to ICAM-I (or the.r 

30 functional derivatives), or to members of ttie CD18 family (or their ^ 

produced in humans, or are -Humanized" (i.e. non^mmunogenic in a human) by recombinant or othe 
technology. Humanized antibodies may be produced, for example by replacing an ° 
an antibody witti a corresponding, but non-immunogenic portion (i.e. chim-'ric antibodies) <Robinson KR. e| 
al International Patent Publication PCT/US86A)2269; Akira. K. el aL. Europea.i Patent Application 184.187 

35 Tan^J M.. European Patent Application 171.496: Morrison. S.L. et al. European Patent Application 

Neu;,ergerM S. et a. . PCT Application WO 86/01533: CabiUy^ S e. aL. Eu~JM»an Pat«m 
Application 125.023: Better. M. it al.. Science 240:1041-1043 (1988): Liu. A.Y. al, Proc, Natl. Acad. Sc . 
USA M 3339-3443 1987) Uu A.^et al.. J. Immunol. 139:3521-3526 (1987): "Sun. L.K. et al. Proc. Natl 
Acadici Usi^ 214 2,8 0^^^^^^ N7shiS.ura.Tiral. Cane Res, 47:999-1005 (1987): Wood. 5:R-et al. 

40 N3u;7e3r4:448-449 (1985)): Shaw etal..£Na^^ 

GeMTal reviews ol "humaniJid- chimeric antibodies are provided by Morrison. S.L. (Science. 

ooQ i?n?.i9n7 ngftsn and bv Oi. V T. et al . Bl oTechniques 4:214 (1986)). 

-SuSbe -humanl ed- antibodies cln-b e alternatively pToduced by COR «"|^'»»"''°" 
P.T.^ V 321552-525 (1986): Verhoeyan et al. Science 239:1534 (1988): Beidlor. C.B. et al. J 

" '^■^"eH^T.Ue present Invention may be obt.ned by natural processes (such a. ^^^^^^ 
example, by inducing an animal, plant, lungi. bacteria, etc.. to produce a "°";''"7"09'°^"' " ^M ?v bv 
ICAM 1. or by inducing an animal to produce polyctonal antibodies capable of binding «<"CAM.1) by 
synthetic metLs (such as. for example, by using the Merrifield method for ^^'^M^^'^^^TU- 

50 synthesize ICAM-I. functional derivatives of lCAM-1. or protein antagonists ol ICAM-I (e'ther m 
munoglobulln or non-immunoglobulin)): by hybridoma technology (such as. lor exarnplo. to produce 
mon^lonal antibodies capable ol binding to ICAM-1): or by recombinant technology (such as. for example 
rSuce the ant...8thma agents of the present Invention in diverse hosts (I.e.. yeast. ba<:«er.a. lungu 
ultur^ mammali«i cells, etc.). or Irom recombinant plasmids or viral vectors). by pro.eo.y ,. The 

55 cho.ce ol which method to employ will depend upon factors such as convenience ^^cl 
not necessary to employ only one of the above-described methods, processes, or tect^nolog.os to produce 
a particular anti-asthma agent: the above-described processes, methods, and technologies may be com- 
binod in order to obtain a particular anti-asthma agent. 



R 



Functiooal derivatives of ICAM-l. or a member of ttie CD18 family, having up to about 100 residues 
may be conveniently prepared by in vitro synthesis. If desired, such fragments may be modified by reacting 
targeted amino add residues of the purified or cnxle protein with an organic derivatizing agent that is 
capable of reacting with selected side chains or terminal residues. The resulting covalent derivatives may 
s be used to Identify residues important for biological activity. In the embodiments listed below, this aspect of 
the invention is described with reference to the hjnctional derivatives of ICAf»/l-l. Such methods may also be 
employed to produce functional derivatives of any member of the CDiS family of molecules. 

Cysteinyl residues most commonly are reacted with a-haloacetates (and corresponding amines), such 
as. chloroacetic acid or chloroacetamide. to give carboxymethyl or carboxyamidomethyl derivatives, 
fo Cysteinyl residues also are derivatired by reaction with bromotrifluoroacetone. o-bromo-0-{5-imidozoyl)- 
propionic acid, chloroacetyl phosphate. N-alkylmaleimides. 3-nitro-2-pyridyl disulfide, methyl 2-pyridyl 
disulfide, p^hloromercuribenzoate. 2-chloromercuri-4-nitrophenol. or chloro-7-nitroben20-2-oxa-l,3-dia20le. 

Histidyl residues are derivatized by reaction with diethylprocarbonate at pH 5.5-7.0 because this agent 
is relatively specific for the histidyl side chain. Para-bromophenacyl bromide also is useful, the reaction Is 
IS preferably performed in 0.1 M sodium cacodylate at pH 6.0. 

Lysinyl and amino terminal residues are reacted with succinic or other carboxylic acid anhydndes. 
Derivatization with these agents has the e«ect of reversing the charge of the lysinyl residues. Other suitable 
reagents for derivatizing o-amino-containing residues include imidoesters such as methyl picolinimidate; 
pyridoxal phosphate: pyridoxal: chloroborohydride; trinitrobenzenesulfonic acid: 0-methylissurea: 2.4 pen- 
so tanedione: and transaminase-catalyzed reaction with glyoxylate. 

Arginyl residues are modified by reaction with one or several conventional reagents, among them 
phenylglyoxal, 2.3-butanedione. 1 .2-cyclohexanedione. and ninhydrin. Derivatization of arginine residues 
requires that the reaction be performed in alkaline conditions because of the high pK. of the guanidme 
functional group. Furthermore, these reagents may react with the groups of lysine as well as the arginme 

39 epsilon-amino group. ■ , ■ . . 

The specific modification of tyrosyl residues per se has been studied extensively, with particular interest 
in introducing spectral labels Into tyrosyl residues by reaction with aromatic diazonium compounds or 
tetranitromethane. Most commonly. N-acetylimidizol and tetranitromethane are used to form 0-acet>l tyrosyl 
species and 3-nitro derivatives, respectively. Tyrosyl residues are iodinated using '»i or 'J' I to prepare 
30 labeled proteins for use in radioimmunoassay, the chloramine T method being suitable. 

Carboxyl side groups (aspartyl or glutamyl) are selectively modified by reaction with carbodiimides (R - 
N-C-N-r') such as 1-cyclohexyl-3-(2.morpholinyl-(4- ethyl) carbodiimide or 1-ethyl-3 (4 azonia 4,4- 
dimethylpentyl) carbodiimide. Furthermore, aspartyl and glutamyl residues are converted to asparaginyl and 
glutaminyl residues by reaction with ammonium Ions. 
35 Derivatization with bilunclional agents is useful tor crosslinking an ICAM-l functional derivative molecule 
to a water-insoluble support matrix or surface tor use in the method for cleaving an ICAM-1 functional 
derivatives fusion polypeptide to release and recover the cleaved polypeptide. Commonly used crosslinking 
agents include, e.g., l.1-bis(diazoacetyl)-2-phenylethane. glutaraldehyde. N-hydroxysuccinimide esters, for 
exampte. esters with 4-azidosalicylic acid, homobifunctional imidoesters. including disuccimmidyl esters 

40 such as 3 3'-dithiobis(succinimldylpropionate). and bifunctional maleimldes such as bis-N-maleimido-1.8- 
octane Derivatizing agents such as methyl-3-((p-azidophenyl)dithlolpropioimidate yield photoactivatable 
Intermediates that are capable of torming crosslinks In the presence of light. Alternatively, reactive water- 
insoluble matrices such as cyanogen bromide-activated carbohydrates and the reactive cubstrates de- 
scribed in U.S. Patent Nos. 3.969.287; 3.691,016; 4.195.128; 4,247.642; 4.229.537; and 4,330.440 are 

4S employed for protein immobilization, 

Glutaminyl and asparaginyl residues are frequently deamldated to the corresponding glutamyl and 
aspartyl residues. Alternatively, these residues are deamldated under mildly acidic conditions. Either form ol 
these residues falls within the scope of this invention. 

Other modifications include hydroxvlation of proline and lysine, phosphorylation of hydroxyl groups of 
50 seryl or theonyl residues, methylation ol the a-amino groups of lysine, arginine. and histldlne side chains 
( r.E. Crelghton. Proteins: Structure and Molecute Properties . W.H. Freeman & Co.. San Francisco, pp. 79- 
06 (1083)). acetylation ol the N-terminal amino, and. in some Instances, amidation of the C-terminal 

cartx)xyl groups. . . i. - k„ 

Functional derivatives of ICAM-1 having altered amino acid sequences can also be proparea oy 
ss mutations In the ON A. The nucleotide sequence which encodes the ICAM-l gene is shown in Figure i. 
Such variants include, lor example, deletions from, or Insertions or subslilulions ol. residues within the 
amino acid sequence shown in Figure 1 . Any combination ol deletion, insertion, and substitution may also 
be made to arrive at the linal construct, provided that the final construct possesses the desired activity. 
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Obviously, the mutations ttiat will be made In the DNA encoding the variant must not place the sequence 
out of reading frame and pfeferably will not create complementary regions that could produce secondary 
mRNA structure (see EP Patent Application Publication No. 75.444). 

At the genetic level, these functional derivatives ordinarily are prepared by site-directed mutagenesis of 
nucleotides in the ONA encoding the ICAM-1 molecule, thereby producing DNA encoding the functional 
derivative, and thereafter expressing the ONA in recombinant cell culture. The functional derivatives 
typically exhibit the same qualitative biological activity as the naturally occurring analog. They may, 
however, differ substantially In such characteristics with respect to the normally produced ICAI^-1 molecule. 

While the site for Introducing an amino acid sequence variation Is predetermined, the mutation per se 
need not be predetennined. For example, to optimize the performance of a mutation at a given site, random 
mutagenesis may be conducted at the target codon or region and the expressed ICAM-1 functional 
derivatives screened for the optimal combination of desired activity. Techniques for making substitution 
mutations at predetennined sites in DNA having a known sequence are well known, for example, site- 
specific mutagenesis. 

Preparation of an \CAM•^ functional derivative molecule in accordance herewith is preferably achieved 
by site-specific mutagenesis of DNA that encodes an earlier prepared functional derivatives or a nonvariant 
version of the protein. Site-specific mutagenesis altows the production of ICAM-1 functional derivatives 
through the utj of specific oligonucleotide sequences that encode the DNA sequence of the desired 
mutation, as well as a sufficient number of adjacent nucleotides, to provide a primer sequence of sufficient 
size and sequence complexity to form a stable duplex on both sides of ttie deletion junction being 
traversed. Typically, a primer of about 20 to 25 nucleotides in length is preferred, with about 5 to 10 
residues on botti sides of the junction of ttie sequence being altered. In general, the technique of site- 
specific mutagenesis is well known in the art. as exemplified by publications such as Adelman et al_. DNA 
2:183 (1983), ttie disclosure of which is incorporated herein by reference. 

" As will be appreciated, the site-specific mutagenesis technique typically employs a phage vector that 
exists in botti a single-stranded and double-stranded form. Typical vectors useful in site-directed 
mutagenesis include vectors such as ttie Ml 3 phage, for example, as disclosed by Messing et aL, Third 
Cleveland Symposium on Macromolecules and Recombinant DNA . Editor A. Walton. Elsevier. Amsterdam 
(1981) the disclosure oFwhich is incorporated herein by reference. These phage are readily commercially 
available and ttieir use is generally well known to those skilled in the art. Altematively. plasmid vectors that 
contain a single-stranded phage origin of replication (Veira et aL. Meth Enzymol 1M.3 (1987)) may be 
employed to obtain single-stranded DNA. 

In general, site-directed mutagenesis in accordance herewith is performed by first obtaining a singie- 
r»'--'JwJ v.'ciof ttiat includes wittiin its sequence a DNA sequence that encodes the relevant protein. An 
cliyonucleotide primer bearing ttie desired mutated sequence is prepared, generally synthetically, for 
oxample. by the method of Crea et aL. Proc. Natl Acad. Sci. (USA) 75:5765 (1978). This primer is then 
annealed with ttie single-stranded profein-sequenceKrontaining vector, and subjected to DNA-polymerizing 
enzymes such as E. coli polymerase I Klenow fragment, to complete the synthesis of the mutation-bearing 
suand Thus a mHiated sequence and ttie second strand bears the desired mutation. This heteroduplex 
vector is then used to transform appropriate cells, such as JM101 cells, and clones are selected that 
include recombinant vectors bearing the mutated sequence arrangement. 

AHer such a clone is selected, ttie mutated protein region may be removed and placed in an 
appropriate vector for protein production, generally an expression vector of ttie type tha» may be employed 

lor transformation of an appropriate host. 

Amino acid sequence deletions generally range from about 1 to 30 residues, more preferably 1 to 10 

residues, and. typically are contiguous. 

Amino acid sequence insertions include amino and/or carboxyl-terminal fusions of from one residue to 
polypeptides of essentially unrestricted lengtti. as well as intrasequence insertions of single or multiple 
amino acid residues. Intrasequence insertions (I.e.. insertions within the complete ICAM-1 molecule 
sequence) may range generally from about 1 to 10 residues, more preferably 1 to 5. An example of a 
terminal Insertion includes a fusion of a signal sequence, whether heterologous or homologous to the host 
cell, to the N-termlnus ol the molecule to facilitate the secretion of the ICAM-I functional derivative from 

recombinant hosts. w i« .k- ioam 

The third group of functional derivatives are those In which at least one amino acid residue In the ICAM- 
1 molecule, and preferably, only one. has been removed and a different residue inserted m its place. Such 
substitutions preferably are made in accordance with the following Table 1 when it is desired to modulate 
finely the characteristics of the ICAM-t molecule. 
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Substantial changes i^ functional or immunological identity are made by selecting substitutions that are 
less conservative than thosein Table 1, i.e., selecting residues \hat differ more significantly in their effect on 
maintaining (a) the structure of the polypeptide t>ackbone in the area of the substitution, for example, as a 
sheet or helical conformation. <b) the charge or hydrophobtcity of the molecule at the target site, or (c) the 
bulk of the side chain. The substitutions that in general are expected to those in which (a) glycine and/or 
proline !s substituted by another amino acid or is deleted or inserted; (b) a hydrophilic residue, e.g.. seryl or 
it'<%onyl. is substituted for (or b» a hydrophotnc residue, e.^, leucyl, isoleucyt. phenylalanyl. valyl, or 
aJanyl; (c) a cysteine residue is substituted for (or by) any other residue; (d) a residue having an 
electropositive side chain, e.g.. lysyi, arginyl, or histidyl, is substituted for (or by) a residue having an 
eU)Ctronegative charge, e.g.. glutamyl or aspartyl; or (e) a residue having a bulky side chain, e.g., 
phenylalanine, is substituted for (or by) one not having such a side chain, e.g.. glycine. 

Most deletions and insertions, and substitutions in particular, are not expected to produce radical 
changes in the characteristics of the ICAM-i molecule. However, when it is difficult to predict the exact 
effect of the substitution, deletion, or insertion in advance of doing so. one skilled in the art will appreciate 
that the effect will t>e evaluated by routine screening assays. For example, a functional derivative typically is 
made by site-specific mutagenesis of the native ICAM-1 molecule-encoding nucleic acid, expression tha 
variant nucleic acid in recombinant cell culture, and, optionally, purification from the cell culture, for 
example, by immunoaffinity adsorption on an anti-ICAM-1 molecule antibody column (to absorb the 
functional derivative by binding it to at least one remaining immune epitope). 

The activity of the cell lysate or purified ICAM-1 molecule functional derivative is then screened in a 
suitable screening assay for the desired characteristic. For example, a change in the immunological 
character of the functional derivative, such as affinity for a given antibody, is measured by a competitive 
type immunoassay. Changes in immunomodulation activity are measured by the appropriate assay. 
Modifications of such protein properties as redox or thermal stability, biological half-life, hydrophoblcity. 
susceptibility to proteolytic degradation or the tendency to aggregate wth carriers or into muttimers are 
assayed by methods well known to the ordinarily skilled artisan. 

C. Administration of the Compositions of the Present Invention 

The therapeutic effects of the anti-asthma agents of the present invention may be obtained by providing 
such agents to a patient by any suitable means (i.e. intravenously, intramuscularly, subcutaneously, 
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enterally. or parentorally). h is prafarrad to admhilstBr th« agents of the present invention intranasaily as by 
nasal spray, swab. etc. It is especially preferred to atJmlnister such agents by oral inhalatioo. or via an oral 
spray or oral aerosol. When administering agents by Injection, the administration may bo by continuous 

infusion, or by single or multiple boluses. 

The therapeutic advantages of any of the abcve^iscussed agents can be augmented through the use 
of functional derivatives possessing additional amino acid residues added to enhance coupling to carrier or 
to enhance the activity of the agent The scope of the present invention Is further intended to include 
functional derivatiwes of ICAM-l which lack certain amino acid residues, or which contain altered amino acid 
residues, so long as such derivatives exhibit the capacity to affect cellular adhesion. 

The antibodies of the present Invention and the ICAHfrl molecule and the members of the C018 family 
disclosed herein are said to be "substantially free of natural contaminants" if preparations which contain 
them are substantially free of materials with which these products are normally and naturally found. 

The present invention extends to the use of antibodies, and biologically active fragments thereof, 
(whether polyclonal or monoclonal) which are capable of binding to ICAM-1 or to a member of the CD18 

family In the treatment of asthma. 

In providing a patient with antibodies, or fragments thereof, capable of binding to ICAM-1 or to a 
member of the C018 family, or when providing ICAM-1 or a member of the CD18 family (or a fragment, 
variant or derivative thereof) to a recipient patient the dosage of administered agent will vary depending 
upon suth factors as the patient's age. weight height sex. general medical condition, previous medical 
history, etc. In general, it Is desirable to provide the recipient with a dosage of agent which is in the range 
of from about 1 pg*g to 10 mg/kg (body weight of patient), although a lower or nigher dosage may bo 
administered. The therapeutically eHectlve dose can be lowered by using combinations of the above- 
described agenu (such as. for example, if anti-ICAM-1 antibody Is additionally administered with an anti- 
LFA-1 antibody). As used herein, one compound is said to be additionally administered with a second 
compound when the administration of the two compounds Is In such proximity of Ume that both compounds 
can be detected at same time in the patient's serum. 

The anti-asthma agents of the present invention are intended to be provided to recipient subjects in an 
amount sufficiem to lessen or attenuate the severity, extent or duration of the asthma symptoms. 

The antibody agents of the invention, or their fragments, may bo administered either alone or in 
combination with one or more additional anti-asthma agents (such as methylxanthines (such as theophyl- 
line) beta-adrenergic agonists (such as catecholamines, resorclnols. saligenins. and ephednne). glucocor- 
tlcoi.'ls (such as hydrocortisone), chromones (such as cromolyn sodium) and anticholinergics (such as 
Xroane) in order to decrease the amount of such agents needed lo treat the asthma symptoms. 

The administration of the agent(s) of the Invention may bo lor either a -prophylactic" or "therapeutic 
purpose. When provided prophylactically. the agent(s) are provided in advance of any asthma syrnptom. 
The prophylactic administration of the agent(s) serves to prevent or attenuate any subsequent asthmatic 
response. When provided therapeutically, the agent(s) are provided at (or shortly after) the onset of a 
symptom of asthma. The therapeutic administration of the compound(s) serves to attenuate any actua 
asthmatic episode. The agents of the present Invention may. thus, be provided either prior to the onset of 
an anticipated asthmatic episode (so as to attenuate the anticipated severity, duration or extent of the 

episode) or after the Initiation of the episode. . . ^ w 

A composition is said to be "pharmacologically acceptable* if its administration can be tolerated by a 
recipient paUent. Such an agent is said to be administered In a "therapeutically effective amount if the 
amount administered is physiologically significant. An agent is physiologically significant if its presence 
results in a detectable change In the physiology of a recipient patient 

The agents of the present invention can be formulated according to known methods to prepare 
pharmaceutlcaily useful compositions, whereby these materials, or their hinctional derivatives, are combined 
in admixture with a pharmaceutlcaily acceptable carrier vehicle. Suitable vehicles and their formulation, 
inclusive of other human proteins. e.o.. human serum albumin, are described, lor example, in Remington s 
Pharmaceutical Sciences (16th ed.. Osol. A.. Ed.. Mack. Easton PA (1980)). In order 
cally acceptable composition suitable for elfective administration, such compositions will contain an eHective 
amount ol anti-ICAM antibody or ICAM-l molecule, or their functional derivalives. together with a suitable 

amount of carrier vehicle. * i 

Additional pharmaceutical methods may be employed to control the duration of •c«'o" Co"'f«>' 
, preparations may be achieved through the use of polymers lo complex or absorb anli-lCAM-l •""bo^V °f 
ICAM-l or their luncllonal derivalives. The controlled delivery may be exercised by selecting appropriate 
macromolecoles (lor example polyesters, polyamino acids, polyvinyl, pyrrolldone. ethylenevinylacetate. 
methylcellulose. carboxymelhylcellulose. or protamine, sullate) and the concentration of macromolecules as 



12 



EP 0 387 701 A1 

well as the methods of Incorporation In order to control release. Another possit)le method to control the 
duration of action by controlled release preparations Is to incorporate anti-ICAM-l antibody or ICAM-1 
molecules, or their functional iierivatives, into particles of a polymeric material such as polyesters, 
polyamino adds, hydrogels. poly(l8Ctic acid) or ethylene vinylacetate copolymers. Alternatively, instead of 

5 Incorporating these agents into polymeric particles, it is possible to entrap these materials in microcapsules 
prepared, for example, by coacervation techniques or by interfacial polymerization, for example, hydrox- 
ymethylcellulose or gelatine-mlcrocapsules and poly(methylmethacylate) microcapsules, respectively, or in 
cotlokSal drug dettvery systems, for example, liposomes, albumin miaospheres, mlcroemulsions. nanopar- 
tides, and nanocapsules or In macroemulsions. Such techniques are disclosed in Remington's Pharmaceutic 

fo cal Sciences (1980). 

Having now generally described the invention, the same will be more readily understood through 
reference to the following examples which are provided by way of illustration, and aro not intended to be 
limiting of the present invention, unless specified. 
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EXAMPLE 1 



AWNG EOSINOPHIL ADHESION REACTIONS DEPEND ON C01 1 AND ICAM-1 CELL ADHESION MOLECULES 

In order to evaluate the requirement for cell adhesion of eosinophils in their migratory and cytotoxic 
function, eosinophil adhesion In vitro was tested. In particular, the role of the CD18 family of cellular 
25 adhesion molecules, and of ICAM-1, in primate eosinophil adhesion to protein coated plastic and to human 

endothelium was examined. 

Eosinophils were obtcined by bronchoalveolar lavage from adult male cynomegalus monkeys ( Macaca 
fascicularis), purified (>93% by morphology) on a Percoll continuous density gradient, washed, and added 
to 96 well nat-bottom tissue culture plates at a concentration of 5 x lO^ cellsAwell. After a 60 min. incubation 
30 at 37* C, the non-adherent cells were removed using a plate washer. Adherent cells were enumerated 
visually (no aggregation or degranulation was observed) and by a cdlorimetric assay which measures 

eosinophil peroxidase (EPO). 

The eosinophils spontaneously adhered and spread on the bottom of untreated wells or of wells coated 
with Immune complexes (made from Ascaris extract and serum from an ^cans-immune monkey). In 
contrast, eosinophils did not adhere well to wells coated with proteins, including bovine serum albumin, 
normal monkey serum, or Ascaris extract. Of various soluble stimuli tested. Platelet Activating Factor (PAF) 
induced the most pronounced and consistent adherence of eosinophils to protein<oated wells (Figure 3). 

The role of CD18 adhesion molecules and of ICAM-I in this adherence process was tested using 
monoclonal antibodies reactive with each of these membrane glycoproteins. Antibodies used included: R3.3 
40 and R15.7 (anti-CDiS); R3.1 (anti-CDI la); Ml/70 and LM2M (anti-CDIIb); RR2/1 and R6.5.D6 (anti-ICAM- 

1); and we/32 (anti HL-A class I). ^ ^ . 

Adhesion of the eosinophils to immune complex-coated wells appeared to be CDIIb-dependent. since 
mAbs against CDIIb and CDIS inhibited adhesion while mAbs against CDIla. ICAM-i. and HL-A did not 
(Figure 4). Identical results were obtained using eosinophils activated by soluble stimuli, including PAF. and 

46 protein-coated wells. . . . ^ 

Adhesion of eosinophils to endothelial cells activated by LPS (10 ng/ml) and fixed with glutaraldehyde 
was also tested. Human umbilical vein endothelial cells were prepared as described by Smith. C.W. et al. • 
(J Clin Invest 82:1746 (1988) which reference Is Incorporated herein by reference). Adhesion of 
^si^llsTSduced by PAF (10-'M) to such activated endothelial cells was partially Inhibited by mAbs 

so against CDl la. C01 lb. and ICAM. completely Inhibited by anti-CDl8. and not inhibited by anti-HL-A (Rgure 
5). These experiments revealed that the observed adhesion was partially dependent on CDIla. CDIIb. and 

In summary primate lung eosinophils behave nearly Identically to human neutrophils in membrane 
adhesion reactions involving CDIla. CDIIb. and ICAM-I. The CD18 family of CAMs therefore plays a 
65 major role in eosinophil adherence and is responsible to selective tissue accumulation of eosinophils in LAD 
patients. 
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EXAMPLE 2 



s ROLE OF ICAM-1 IN EOSINOPHIL INFILTRATION 

In order to demonstrate that ICAM-1 contributed to the eosinophil infiltration, airway epithelium 
c"«H«quamaUon and increased ainway responsiveness that characterize the airway inflammation underlying 

10 bronchial asthma, the effect of monoclonal antibodies reactive with ICAM-1 on asthma in primates was 
Investigated. Specifically, (a) the contribution of ICAM-1 to eosinophil adhesion to vascular endothelium in 
vitro (b) the induction of ICAM-1 on airway epithelium in vttro and in vivo as well as on bronchial vascular 
SHdothelium in vivo, and (c) the contribution of ICAM-1 To the eosinophil infiltration and increase in airway 
responsiveness Induced by multiple Inhalations of antigen in vivo were investigated. 

IS Primate lung eosinophils were stimulated wHh platelet-activating factor (PAF. 10"' M). and Incubated in 
the presence of lipopolysaccharide (LPS. 10 ng/ml) stimulated cultured human umbilical vein endothelial 
cells (HUVECs) in order to assay for celular adhesion. Eosinophils were obtained by bronchoalveolar lavage 
from adult -^-.le cynomolgus monkeys ( Macaca . fascicularis) with airway eosinophilia. purified 
(morphologically >95% pure) on a Percoll continuous density gradient (Riding, G.A. et al.. J. Immunol. 

to Meth. 46:113 (1981)). washed and added to 96 well flat bottom tissue culture plates (5 x l(H cells/well). 
AtteTa'eb minute incubation at 37* C. the non-adherent cells were removed by an automated plate washer. 
Adherent cells were quantitated visually and by a colorimetric assay for eosinophil peroxidase. EPO (Strath. 
M et al.. J. I mmunol. Meth. 83:209 (1985)). Human umbilical vein endothelial cells were isolated^ultured to 
a confluent monolayerlrTeach well, stimulated for 4 hours with LPS and finally fixed in l% glutaraldehyde 

25 (Smith. C.W. et al. J. Clin. Invest. 82:1746 (1988)). Immune complex wells were made by coating with 
Ascaris extract followed by serum from an Ascaris- sensitive monkey. 

Adhesion was found to be significantly inhibited by the anti-ICAM-1 monoclonal antibody RRI/1 

(Rothlein. R. et al.. J. Immunol. 137:1270 (1988): Martin. S.D. et aL. Cell 51^:813 (1987)) (Figure 6A). In 
contrast, the FntTHLA class l control monoctooal antibody W8/32. which also binds to HUVECs (Smith. 

30 C.W. et al.. J. Clin. Invest. 82:1746 (1988)). did not inhibit eosinophil adherence (Figure 6A). 

Adherence~orprimate lung eosinophils to immune complex coated plastic was not inhibited by RRI/1 
(Figure 6B) demonstrating the specificity of the inhibition of adherence to endothelium. These results 
indicate that ICAM-1 is important for eosinophil adhesion to endothelium and thus may contribute to 
eosinophil migration into inflamed tissues in vivo . 

as In addition to being required for migration into tissue, leukocyte adhesion is a prerequisite for cytotoxic 
tissue Injury. Inhibition of adheskxi of eHector to target cells has been reported to reduce both lymphocyte 
and granukwyte mediated killing in vifro and altogratt rejection in vivo (Maru. E. et al.. J. Immunol. 133:2972 
(1984)) Since eosinophils and their products have been implicated In airway epithelium desquamation 
(Frigas E et al J. Allergy Clin. Immunol. 77:527 (1988)) which in turn is strongly linked with airway 

40 hyperresponTiviSesl (LSitiHSnTTA. et aL. Am. Rev. Respir. Ois. 137:62 (1988)) and asthma symptoms 
(Hargreave. F.E. et ai. J. Allergy Clin. Immunol. 68:347 (1981): Boulet. L-P et al.. J. Allergy Clin. Immunol. 
71 :399 (1983); Chan'^Yeu'ngrfret aTTAm. J. Med. 72:41 1 (1982); Frigas. E. et aL. J. Allergy Oin: Immunol. 
77:527 (1986)). the effects of various pro-inflammatory cytokines on ICAM-1 induction on airway epithelial 

cells In vitro was Investigated. ^ . . . , 

45 Uiingan ELISA assay (Rothlein R. et al.. J. Immunol. 141^:1665 (1988)) and the anti-ICAM-1 monoclonal 
antibodies RRI/1 and R6.5 (Smith. C.wTet JT. J. Clin. Invest. 82:1746 (1988)) It was found that 16 hour 
stimulatton with lnterteukin-l bet (IL-lb). human recombinant tumor necrosis factor alpha (TNFa). and 
human recombinant Interferon gamma (IFNg) enhanced ICAM-1 expression on a monolayer of cultured 

monkey bronchus epithelial cells (Table 2). . ,^ „ , 

80 Table 2 shows the effects of pro-inflammatory cytokines on Induction of ICAM-1 on bronchial epithelial 
cells in vitro. The rhesus irwnkey bronchus epithelial cell line 4MBr-5 (obtained from American Type 
Culture Coiiectlon) was cultured to a confluent monolayer and then stimulated for 16 hours with IL-lb. TNFa 
or IFNg ELISA assays for ICAM-1 (monoclonal antibodies RRI/1 (Rothlein, R. et al.. J. Immunol. 137:1270 
(1986) Marlin. S.D. et al.. Cell 51:813 (1987)) and R6.5 (Smith. C.W. et al.. J. Ciin. Invest. 82:1746 (1988))! 
85 and LFA-1 alpha (monoclonaT antibody R3.1 (Rothlein. R. et aL. J. ImmunoF 141:1665 (1988))] expression 
were performed as previously described (Rothlein. R. et aL. J. Immunol. 141^:1665 (1988)). The numbers 
represent the mean of optical density units (relative to normal mouse gamma globulin background) for 
duplicate cultures and is representative of tour individual experiments. 
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TABLE 2 



t5 



20 



25 



30 



35 



Stimulus 



none 
IL-lb 



TNFa 



IFNg 



Concentration 



0.01 units/ml 
1 unit /ml 
10 units/ml 
1 unit /ml 
10 units/ml 
100 units/ml 
1000 untts/ml 

0.01 units/ml 
1 unit /ml 
10 units/ml 
100 units/ml 



Optical Density Units 



nn1/1 


rfO.9 


no. 1 


(anti-ioAM*i) 


\anii"iWAIVI- 1 ; 




92 


206 


-27 


130 


253 


-33 


166 


253 


-32 


149 


322 


-37 


100 


236 


-30 


131 


266 


-29 


159 


346 


-31 


178 


416 


•36 


138 


276 


-16 


263 


423 


-17 


413 


673 


-26 


576 


940 


-27 



The time course of enhanced ICAM-1 expression (Table 3) was found to be similar to that previously 
reported for HUVECs in vitro (Smith. C.W. et ah. J. Clin. Invest. 82:1746 (1988)) and human skin 
keratinocytes in vivo (WanUin, G.L. et al., J. Am. Acad. Dermatol. 20:782 (1989)). As expected, the anti- 
LFA-1 alpha monoclonal antibody R3.1 (Rothlein. R. et aL. J. Immunol. 141^:1665 (1988)) did not bind to 
unstimulated or stimulated bronchial epithelium (Table 2). These results suggest that ICAM-1 could 
contribute to leukocyte (e.g;. eosinophil) mediated desquamation of ainway epithelium in vivo . 

Table 3 shows the time course for the induction of ICAM-1 on bronchial epithelial cells in vitro . The 
rhesus monkey bronchus epithelial cell line 4MBr-5 (obtained from American Type Culture Collection) was 
cultured to a confluent monolayer and then stimulated for various time periods with IL-lb (10 ng/ml) or IFNg 
(10 units/ml). An ELISA assay for ICAM-1 expression (monoclonal antibody R6.5 (Smith. C.W. et aL. J. Clin. 
Invest. 82:1746 (1988))] was performed as previously described (Rothlein, R. et aL, J. Immunol. 141:1665 
(1988)). The numbers represent the mean of optical density units (relative to normal mouse gamma globulin 
background) for triplicate cultures and is representative of two individual experiments. 

TABLE 3 



40 



45 



Stimulation Time (hours) 


Stimulus 


IL-lb 


IFNg 


0 


215 


215 


2 


240 


250 


4 


296 


349 


8 


364 


349 


16 


417 


826 


24 


369 


812 


48 


472 


672 



50 



66 



EXAMPLE 3 



CONTRIBUTION OF ICAM-1 TO DESOAMATION IN VIVO 
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To further Investigate tt» ability of ICAM-1 to contribute to eosinophilnnediated desquamation of airway 
epithelium in vivo, immunohlstochemlcal staining was conducted to determine if multiple inhalations of 
antigen inducelCAM-l expression on aiiway epitheRum in vivo. , „„ n .i i 

msues were stained using a modificatioo o( a previously described protocol (Wantzln G.L et ^ J. 
Am. Acad. Oemiatol. 20:782 (1989)). Briefly, tissue specimens were removed and frozen m liquid muogeiv 
After-E?75- sectionin^ .-S-10 micron sections were fixed in acetone for 10 minutes and eitl^r stained 
immediately or stored at-20-C. Staining was performed using the Biotein-Strept Avid.n Syjem krt 
according to manufactures protocols (BioGeoex. CA). Primarily antibody was incubated wift tissiw « 
undiluted culture supematants (RPMI 1640 medium with 10% FBS) for one hour at '<>;"'J"'^l^^ 
Blocking for non-specific protein binding was accomplished by applying norma^ ^^J' 'tT, H^mlr 7 
9^»thylcarbazole) was used as a substrate and the sections were counterstained with Mayer s Hematoxyha 

Intense staining for ICAIwl-1 was found on both the epithelium (basilateral portion only) and on ttie 
vascular endothelium of a Uachea section taken from an Ascaris antigen sensitive monkey twenty rn.nutes 
after the third of three ahemate day Ascaris inhalations. Staining for LFA-1 a'P^^a (Anderson^ °-^_tpJ: 
Inf. Dis. 152:668 (1985); AndersonToIC- et al.. Ann. Rev. Med. 38:175 (1987); Todd^R^; g^!^;; 
HS-mStoiyS^I. Clinics N. Amer. 2:13 (1988)rbuTnot on airway epithelium (Table 2) revealed a teukocyte 
infiltration in th rimg-r^iul^rtha-t appeared to be most marked just below ttw epithslial basemen 
membrane. In addition leukocytes were notabte between epithelial cells primarily at the basilateral portion o^ 
the epithelium where ICAM-I staining was most pronounced. Uttle or no nonspecific staining was observed 
using mouse semm. Staining (using ICAM-1. LFA-1 alpha and mouse serum) in a «'achea section taken 
frorWan Ascaris-sensltive monkey twenty minutes after a single inhalation of Ascaris revealed. " «Pf 
based onlhTtTme required for its expression (see Table 3 and references Wantzin, G.L. et al. J. Am. Acad. 
Dermatol. 20:782 (1989): Smith. C.W. et al.. J. Clin. Invest 82:1746 (1988). which references are 
incorporat ed-herein by reference). littte dTriS- ICAM-1 staining was found on the epithelium or vascular 

endothelium in this section. 

In addition, although pockets of leukocyte infiltration were found, leukocytes were not accumulated just 
below the epithelial baseline membrane and were not found between epithelial cells. Thus these im- 
munohistochemical staining resuHs hirther suggest an ICAM-i dependent eosinophll-epithehal cell inter- 
action may contribute to the desquamation of airway epithelium found in asthmatics. 

EXAMPLE 4 



I 



IN VIVO EFFECT OF ICAM-1 ON ASTHMA 

Having demonstrated a potential role lor ICAM-1 In the pathogenesis of airway hyperresponsiveness 
and asthma using the in vitro and Immunohistochemical protocols described above, the In vivo effect of 
anti-ICAM-1 antibodies waTilfvestigated. For these studies, an asthma animal model was employed. The 
model may be used with any mammal, but it is most preferabte to employ primates in the model. To induce 
an asthmatic episode, inhalations of antigen were provided to a monkey on three alternate dav* T^js 
regimen Induced a consistent (usually greater than 8 fokJ) increase in 8inr»ay responsiveness to inhaled 
rnethacholine in monkeys (Wegner. CO. et al.. Am; Respir. Ws. 139:A324 (I989)^*rt;'ch reference is 
inconsorated herein by reference). This "Swrease in airway responsiveness is preceded by an intense 
eosinophil Infittration and is similar in magnitude to that induced In asthmatics during the pollen season 
(Boulet. L-P et al.. J. Allergy Clin. I mmunol. 7^:399 (1983): Sotomayor. H. et al.. Am. Rei^^S^EiL^g^ 
130 56 (1984» won coniim7er5Jpo8u^^ allergens (Chan-Yeung. M. et al.. Am. J. ivm 

7r411 (1982) Lam. S. et al.. J. Altergy Clin. Immunol. 72:134 (1983): Lam. S. et al.. J. Allergy Clin. 
l^Timunol. 63.28 (1979)). TR ISu of ISeihacholine. histamine or other similar componds and methacholine 

eouivaientscan t>e employed. ,, 
Using this animal model, the effect of the antl-ICAM-i monoclonal antibody R6.5 on eosinophil 
infiltration and the Induction of airway hyperresponsiveness in vivo was investigated. 

In accordance with the model, airway cell composition and ainr»ay responsiveness were determined 
three days prior to (Day 0) and three days after (Day 10) three alternate day (Day 3. 5 and 7) Inhalations of 
antigen (Wegner. CD. et al.. Am. Rev. Respir. Dis. 139:A324 (1989)). Ain^ay cell composition was 
measured by bronchoalv"^lw l^^^e (BAL). Airway responsiveness was measured by determining the 
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concentration (PCir»o) of Inhaled methacholine that caused a 100% increase in respiratory system resis- 
tance. Re.5 was administered Intravenously at 1.76 mg/kg daily on Days 2-9. Studies with R6.5 treatment 
were compared to t)racketing contol studies performed on each animal. 

R6.5 (cnti-ICAM-1) treatment attenuated the eosinophil Infiltration in all five animals studies (Rgure 7A). 
The increase in airway responsiveness (decrease In inhaled methacholine PCioo) was also inhibited in all 
five animals, markedly in four (Figure 7B). Surprisingly, in two animals (c and d) airway responsiveness not 
only did not Increase (as it had in control studies) but actually decreased (methacholine PCioo increased) 
with R6.5 treatment, despite the multiple inhalations of antigen, demonstrating a reversal of an elevated 
basal airway responsiveness in these animals. 

In summary, these results demonstrate that ICAM-1 is selectively induced on chronically inflamed 
tracheal vascular endothelium in vivo, that ICAM-1 contributes to eosinophil adhesion to vascular endothe- 
lium in vitro, and that an anti-ICAM-1 monoclonal antibody attenuates inhaled antigen-induced eosinophil 
infiltratiwrin vivo. Furthennore. ICAM-1 expression Is enhanced on cytokine stimulated ain^vay epithelium in 
vitro and selectively Induced on chronically inflamed tracheal epithelium in vivo indicating that ICAM-1 may 
contribute to airway epithelium desquamation in vivo. An anti-ICAM-l monoclonal antibody was avble to 
inhibit the increase in airway responsiveness induced by multiple inhalations of antigen in monkeys. 

These results indicate that ICAM-1 plays a pivotal role in the pathogenesis of ain^ray hypen^espon- 
siveness and asthma. ICAM-1 similarly contributes to the onset and progression of other diseases 
characterized by airway inflammation (e.g.. chronic bronchitis, emphysema, idiopathic pulmonary fibrosis, 
etc. (Guenter. CA et al.. Am. Rev. Respir. Pis. 123:79 (1981); Rossi. G.A et al. . Am. Rev. Respir. Dis. 
129:850 (1984); Hunninghake. G.W. et aL. Am. J. Pathol. 97:149 (1979); Hunninghake. G.W. et ah. Am. Rev. 
Respir Dis. 123:407 (1981))] or eosinophil infiltration and tissue sensitization / destmction (e.g.. rhinitis. 
FasaT^lypbsisTchronic urticaria and atopic dermatitis (Mygind, N.. Allergy 34:195 (1979); Mullarkey. M.F. 
et al., J. Allergy Clin. Immunol. 65:122 (1980); Peters. M.S. et aL. J. Invest. Dermatol. 81^:39 (1983); 
L^if'S^mah.TaCret alTN^E^ign Med. 313:282 (1985); Spry. C.J.F. et al.. Int Archs. Allergy appL Immun. 
77:252 (1985))!. Thus, agents which prevent or attenuate such cellular adhesion may be employed in the 
treatment of these diseases in the same manner as they may be used to treat asthma. 



EXAMPLE 5 



EFFECTS OF SINGLE AND MULTIPLE INHALATIONS OF ANTIGEN ON AIRWAY RESPONSIVENSS IN 

MONKEYS 



In animals (Lanes. S. et aL. J. AppL physiol. 61^:864-872 (1986). Marsh. W.R, et aL. Amer Rev. Respir. 
Dis. 131:875-879 (1985)). as well as in man (Cartier. A. et aL. J. Allergy Clin. Immunol. 70:170-177 (1982). 
CSckcroft. D.W. et aL. Clinical Allergy 7:503-513 (1977). a single inhalation of an allergen can cause a mild 
(2-6 fokJ) increase" irTairway responsiveness. Repeated allergen exposures, such as those that occur in man 
during the pollen season (Boulet. L.-P. et aL. J. Allergy. Clin. Immunol. 72:399-406 (1983). Sotomayor. H. et 
aL. Amer. Rev. Respir. Dis. 130:56-58 (1984)) or in an occupational setting (Chan-Yeung. M. ct aL, Amer. J. 
15ie<r7F4lT4t5 (l982TTam. S. et aL. J. Allergy Clin. Immunol. 72:134-139 (1983). Lam. "g. et aL. J. 
ToieTgyTilin. Immunol. 63:28-34 (1979)). have been reported to cause greater (often t 10 fold) increases in 
airway responsiveness. 

MuWple (4 weekly) instillations of antigen coated beads Induce a 10 fold increase In airway responsive- 
nest In monkeys (Gundel, R H. et aL. Amer. Rev. Respir. Dis. (1989). which reference Is Incorporated herein 
by reference). 

In order to more devek>p a useful animal asthma model, the effects of single and multiple antigen 
inhalations on airway responsiveness to Inhaled methacholine In monkeys was Investigated. Since ttvNBy 
Inflammation (Marsh. W.R. et sL. Amer. Rev. Respir. Dis. 131:875-879 (1985). Sotomayor, H, at aL. Amer. 
Rev. Respir. Dis. l30:56-58Tl984). Lazarus. S.. Amer^ Med. 81^:2-7 (1986), O'Byrne. P.M.. Chest 90:575- 
577'(1986)). especially eosinophil Infiltration (Gundel. R.P. et aL. Amer. Rev. Respir. Dis. (1989), Demonchy, 
J.G.R. et aL. Amer. Rev. Respir. Dis. 131^:373-376 (1985). Wardlaw. A.J. et aL Amor. Rev. Respir. Dis. 
137:62-59 TlOSSJlThas been hypothesized to play a role In the pathogenesis of ain^vay hyperrespon- 
siveness. airway cellular composition was concomitantly Investigated. 

In order to Investigate these eHects. seven adult male cynomolgus monkeys ( Macaca fascicularis . 
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Ch«r»e« River Printe Imports. Port WMhington. NY) weighing 4.6 to 8.2 'T^'^^f •"^^^ 
demJ/strrted a naturally occurring and reproducible respiratory sensitivity to mhaled 
ZZTTb studied anesthetize! with ketamine hydrochloride (1 mg/Kg. ^etaset. Bristol ^^ones) 
xylazine (4 mgrtcg. I.m.: Rompun. Miles La«X)ratories. Inc.). intut«ted with a c««ed ^f^^'^ 
Ts mm ID: JwiinScrodt Critical Care. cat #88048) and seated in an upright positKH, specially designed 
support chair. Ketamine (4 mg/kg. i.m.) was used atone to supplement anesthesia « nw<l«l^ 

^y responsiveness (methacholine PCioo) foltowed by airway cell composition (BAL) were deter- 
mined one day^ to and twenty hours after a single inhalation of ^ans extract or three dayspnor to 
Say 0)^ thUeS days after (Day 10) three alternate day (Days 3. 5 and 7) inhalations o Asca^ ex^art. Al 
ievsn animals were studied in both protocols. A letter designation was assigned to each ammal (or 

'T'SnaticrlS peak increase in airway responsiveness occurs three Xo twenty-four hours post 
allergen challeng; (CarSr. A. et al.. J. All^ Clirv Immunol. 70:170-177 (^^^)'^^]'°'^^ ^'^^ 
Clinical Allergy 7:503-513 (1977T. OurtTariTSiR: SI?,. ± Mergf^ Immunol. 79:398-406 (1987)). Thus. 
^^tSSpSMi^s was measured twenty hours after the single inhalation of antigen 

Howe.^. to avoid anesthetizing each animal for a fourth time in a six day interval, airway respons..e- 
ness was not measured twenty hours after the multiple inhalation of antigen. *j;*f^'*'*«^"J*";'/ 
was measured three days after the multiple inhalations of antigen. It was discovered that airway mflamma- 
tion (i e. eosinophil infiltration) still persists three days after antigen inhalation (Wegner. CD. et al.. Amer. 
Rev. Respir. Dis. 135:A221 (1987) which reference Is incorporated herein by reference). 
— AlSSriTs-^G-m-Txtract (Greer Laboratories, cat #8-33) was employed as antigen in the studies. The 
e^SSn^ diiStid in phosphate buHered (5mM. pH 7.4) saline (0.5%) (PBS). ^"^^'^"J^."^'^^';!^ 
(Bird Microoebullzer. model 8158) and administered by Intermittent positive pressure ^eathing (B;^ Mark 
7A Respiator) consisting of 30 Inhalations to 20 cm H,0 In approximately two mmutes. 
previously determined concentration of Ascaris extract that caused a reproducible 150 to ^^J^^ 
increase in respiratory system resistance ^JSTCFed. Methacholine challenges were performed in an identical 
manner except that they consisted of only 15 breaths in one minute. ^ m, <„ , , «nual 

Respiratory system impedance (Zrs) was measured by discrete frequency '^^^^ 
logarithmic steps) sinusoidal forced oscillations superimposed on tidal breathing as described bv Wegn«^ 
CO et al (Respir. Physiol. 55:47-61 (1983) which reference is incorporated herein by reference). The mean 
Of the-r5il or in-phase com ponent of Zrs over the frequency range was then computed «o P^-*'^ y 
value representation of respiratory system resistance (Rrs). Rrs was measured at 3. 7. 0. 15. 20 and 30 
minutes aHer each antigen challenge and at I and 3 minutes afier each methacholine chal enge. 

Airway Responsiveness was assessed by detemiining the concentration of nebulized and inhaled 
methachoUne that Induced a 100% increase in Rrs (PCoo). This was accomplished by administering 
^eX con^entra«ons of methacholine (diluted with PBS) in half-logarithmic steps («7 minute in erv.^ 
until a gTeater than 100% Increase in Rrs from baseline was obtained. The PC. o. was then calculated by 
linear regression analysis of the last two or three points on the logarithm methacholine concentration versus 

'^TrlaTTc^lSn was assayed by bronchoaK^lar lavage (BAL). A pediatric fiberoptic bron- 
choscope (Olympus Corporation, model BF.3C4) was guided past the carina until it '"^ typically a 
fiSTo Seventh ineratiS; bronchus. A single 15 ml aliquot of bicart>onate buffered <0-5mM) normal sa ne 
PH ^rwas then infu«KJ and gently aspirated (retum volume range from 7 to 10 • 
Se bronchoscope. Total teukocytes/ml of BAL was deter-mined using a Coulter counter (Cojjter Eiectw^^ 
ICS model Z«). Differential cell counts (a total of 200 cells counted) were performed "'/'VrioM-Giemsa 
«^ned cytocantriluge (Shandon Cytospin. model 2) preparations. To prevent the eWecU of a prior BAL on 
subsequent BAL determinations, the BALs performed prior to and after antigen chaltenge were done on 

°*^rsS'of**lIlI.lJ?'i«8 performed using the nonparametric Kruskal-Wallls Test (Chi-square approxl- 
) matlon). Correlations were performed using Pearson product-moment and Spearman ranks of the variables. 
A 0 value of > 0.05 was considered not significant. . ^ . ^ ,n is 

The Single Inhalation of antigen caused an acute Increase In Rrs (307 » 62%) that peaked 10-15 
minutes port challenge, an increase In airway leukocytes (267 t 19 to 694 t 142 x 10>/ml of BAL p > - 
JoiTa.^. decrease In methacholine PCoo In 3 animals that was moderate (>8 fold) in two (Figure 8A . 
5 The increase in airway leukocytes consisted of an Infiltration ol eosinophils in all animals (Figure 8B) 
neutrophils In 3 animals (Figure 80. macrophages/monocytes In 5 animals (Figure 8D) and 'V^phocytes in 
4 animals (Figure BE). The magnitude and direction ol the change in airway responsiveness (methacholine 
PCoo) did not correlate with the Intensity ol the acute increase in Rrs or with the magnitude/existence ol 
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to 



the infiltration of any leukocyto subtype (Tabte 4), ^ ^ 

The muftiple inhalations of antigen caused acute increases in Rrs (178 t 48%. 380 t ra% and 331 t 
63% respectively), and increase in airway leukocytes (209 i 42 to 553i 129 x l03/ml of BAL p > X» - 
0 0088) and a decrease in methacholine PCioo In all 7 animals that was moderate (> 8 fold) In two and 
severe (> 80 fold) in three (Rgure 9A). The Increase in ainray leukocytes consisted of a marked infiltration 
of eosinophils (Rgure SB) and slight infiltration of neutrophils (8.5 t 2.6 to 31.0 i 7.5 x l03/ml of BAL, p > 
X2 « 0 010). There was no significant infiltration of macrophages/monocytes (179t36to209t 40x 103/ml 
of BAL) or lymphocytes (3.0 t 1^ to 3.0 t 1.3 x 103/ml of BAL). The magnitude of the increase in ain^fay 
reactivity (decrease in PCioo) did not correlate with the intensity of the eosinophil infiltration or with the 
magnitude/direction of the change in airway reactivity (PCoo) induced by the single inhalation of antigen 
(Tabte 5). 

TABLE 4 



15 



20 



rs 



30 



35 



COMPARISON OF CHANGE IN METHACHOLINE PCioo TO THE 
BRONCHOCONSTRICTION AND LEUKOCYTE INFILTRATION INDUCED BY A 

SINGLE INHALATION OF ANTIGEN* 

Leukocyte Infiltration (xlO^/ml BAL) 



Animal 



a 

b 

c 
d 
e 
f 

g 

Mean 

S.E. 



Change in 
Log. PCioo 



-1.02 
-0.95 
•0.75 
0.16 
0.21 
0.24 
0.36 
•0.25 
±0.24 



Increase in 
Rrs (%) 



494 
278 
181 
244 
525 
66 
360 
307 
163 



23 
266 
668 
242 
38 
124 
221 
226 
t82 



Neut. 


Mac ./Mono. 


297 


105 


-33 


421 


87 


104 


6 


253 


-6 


-73 


-2 


-78 


178 


264 


76 


142 


t46 


169 



3.3 
20.5 
2.7 
18.6 
-1.6 
-3.0 
-0.4. 
5.8 
13.7 



Definition of abbrevations: Log. - togarithm base 10; PCicc - provocative 
concentration of methacholine required to cause a 100% increase in Rrs; Rrs - 
respiratory system resistance; BAL -bronchoalveolar lavage; Eosin. - eosin phils; 
Neut. • neutrophils; MacVMono. - macrophages/monocytes; Lympho. - 
lymphocytes. 

' No significant con'elations were found. 



40 



46 



90 



55 
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TABLE 5 



COMPARISON OF CHANGE IN METHACHOUNE PCxX) TO EOSINOPHIL INFILTRATION 
INDUCED BY MULTIPLE INHAUTIONS OF ANTIGEN TO THE CHANGE IN METHACHOUNE 

PCioo INDUCED BY A SINGLE INHALATION OF ANTIGEN • 



Multiple tnhatotlons of Antigen 



Animal 

d 
b 
e 
a 

g 

c 

f 

Mean 
S.E. 



Change in Log. 
PCjoo 

-2.66 
-2.13 
-1.05 
-1.07 
-0.07 
-0.43 
-0.27 

-1.36 
±0.34 



Eosin. Infiltration 
bcVpM BAD 

144 



409 



174 
206 
109 

218 
144 



Single Inhalation of Ag. 
Change h Log. 
PC 100 

0.16 
-0.95 
0.21 
-1.02 
0.36 
-0.75 
0.24 

-0.25 
±0.24 



Itaflnltten cf abbravlacloM: W- - Ut«lt»» •»••• r<^lO0' pro»oc.tly. 
c«nc.ntr«tton of ..th.eholli- r.qutf.d Co cou.o • 100« iMro... ti» r.tpU-torjr 
■ysto* r««lie«nc«: lAL - broneho.lv.oUr Eo»ln. - ooilnepMli: Ag- - 

• Ho sttnKie'ot corf«lotton« waro found. 

These experiments demonstrate that non-specific airway hyper-responsiveness, as assessed clinically 
by responsiveness of the airways to inhaled histamine, methachollne. exercise or cold air. Is a charactenstic 
feature of asthma (Boushey. H.A. et at.. Am. Rev. Respjr, Ois. t2i:389-4f 3 (1980). Margrave. F.E. et aL. J, 
Allergy Clin. Immunol. 68:347-355"(1981)). While the mechanisms underlying the pathogenesis of airway 
h9#esp5^siViS5ir8rrnot icnown. results from many studies suggest that '"['^"f " ' 

R H et al.. Amer. Rev. Respir. Ois. (1989). Marsh. W.R. et aL. Amer. Rev. Respjr. Ois. 131:875-879 (1985). 
L.zaru,:^..-W.— Mid-5r.2T> 986). O'Byme. P.M..-5hest 90 575-577 ('986). Demonchy J.G^^^ 
Amer Rev. l153pi?.'5in3l':373-376 (1985). Wardlaw. A.rerLl2!fI: 221 52221 2il 12!?2-e9 (1988). 
j5i525eTlwTirair5h55t 89:477-483 (1988)) and/or mediators released by resident or Infiltrating cells 
rL^ST's et ar r Awn>hTsiol. 61:864-872 (1986). Lazarus. S.. Amer, J, Mod 81^-M1986) O'Byrne 
P M Chestl0-575:5mT986^Wirdiiw. AJ. et al.. Amer. Rev. Respir. Dis, 137:62-69 (1988). Alzawa. H. et 
al.. J. TppT Physiol. 59:1918-1923 (1985). O'Byme. PTTet aL. Prostaglandins 4:537-543 (1984). Schulman. 

rsrtf^ 90:578-586 (1988)) are involved. . 

AJuioenlShalation is known to Induce an acute neutrophil and more chronic eosinophil airway infiltration 
(Weoner CO. et aL. Amer. Rev. Respir. Dis. 135:A221 (1987)). A chronic idiopathic airway eosinophilia has 
been found to"Be~a8";5ditid^»ni7e?r(>"lb fold) airway hyperresponsiveness (Wegner. CO. et aL. 
Amer Rev Respir. Ois. 135.A222 (1987)). Multiple (lour weekly) Intratracheal Instillations of antigen-coated 
SSdiT^STi biSTldUSdlTinduce marked Increases in airway eosinophils and responsiveness (> 8 fold) 
(Qundel RH. et aL. Amer. Rev. Respir. Ois. (1989)). The expo..ment8 presented above provide a 
compari'son of the"5HeEtr3f riTngir^iTsus multiple (three alternate day) inhalations of Ascans suum 
extract on airways responsiveness and leukocyte composition In "allergic" monkeys. 

The single inhalation of antigen resulted In an acute bronchoconstriction and. as measured 20 hours 
later an InfilMatlon of teukocytes (primarily and most consistently eosinophils) as well as an Increase In 
airway responsiveness (decrease in Inhaled methachollne PCoo) in 3 of 7 animals that was moderate (>8 
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fold) in two. -nmse eHects. as well as the fre«?uency wt«:h they occurred, are simHar to those '^P^^ 
man That is. in allergic asthmatics a single inhalation of antigen induces a P^edorn.nateh^ eos.noph.hc 
IkocyST inlation^Monchy. J.G.R. et al.. Amer Rev, Respir O^ 131 :373-376 (1985 ) an ."crwse 
(usuanT mikJ. <8 fold) in airway respoSiiViriSSTn some individualslCartier. A. et al.. J. Allergy CIm, 
Immunol. 70:170-177 (1982). Cockcrott. O.W. et al.. Clinical Aflergy 7:503-513 (19^7))^ 

i?rE3n¥as1. the multiple inhalations of antigen induced, as assayed three days after me last challenge 

an increase in airway responsiveness in all seven monkeys that was moderate (>8 fold) m two and sever 
(>80 foW) in three. These effects are also consistent with those reported for man. During the ^easo^^ 
me airway responsiveness of allergic asthmatics has been reported to increase .n a^l .ndrvduals. al^ough to 
varying degrees (Boulet. L.-P. et al.. J. Allergy. Clin. Immunol. 71:399-406 (1983). Sotomayor K ertj. 
Amer. Rev. Respir. Dis. 1 30:56-58 F984))"S»ly. repeated exposure to occupahonal al ergens has been 
— n^?5iw Si^aTTesponsiveness in sensitive individuals (Chan-Yeung M et al. Amer. J. Me^ 
T^ZZs (1982). Lam. S. et ah. J, Allergy Clin. Immunol. 72:134-139 (1983). Lam. S. et al.. J. Allergy-Cim: 

Immunol. 63:28-34 (1979)). ~ ^ w ,^ «« rhnnn« in 
ratfTthe single and multiple inhalation of antigen protocols, the magn.tude/d.rect.on of change m 

airway responsiveness did not correlate with the intensity of the leukocyte infiltration^ 
emphasizes the leukocyte infiltration alone is not enough to infer their direct involvement .n the Pathogerw- 
sis of airway hyperreactivity. Rather, the amount and type (stimulator or inhibitor) of mediators reteased by 
the infiltrating and resident cells as well as the interactions occurring between the infiftrating and resident 
cells (e.g . eosinophils and airway epithelium) are important factors. . . ,^ , . 

In summary, as has been previously reported for asthmatics, multltiple (but not single) inhalations of 
antigen induce a consistent (usually > 8 told) increase in airway responsiveness in rnonkeys. 
indicate that this animal model can be used to screen lor and identify agents capable of providing.a therapy 

''^ wlirthe invention has been described In connection with specific embodiments thereof, it will be 
understood that it is capable of further modifications and this application is intended to cover any vanations 
uses, or adaptations ol the invention following, in general, the principles of the invention and including such 
departures from the present disctosure as come within known or customary practice within the art to which 
the invention pertains and as may be applied to the essential features hereinbefore set forth as folkjws in 
the scope of the appended claims. 



Claims 



1 . The use of an agent selected from 

(a) an antibody capable of binding to ICAM-1: 

(b) a fragment of said antibody (a), said fragment being capable ol binding to icam-i ; 

(c) ICAM-1. being substantially free of natural contaminants: 

(d) a functional derivative of ICAM-1 : 

(e) an antibody capable of binding to a member of the CD18 family of glycoproteins: 

(f) a fragment of said antibody (e). said fragment being capable ol binding to 8 member of the CD18 family 

?g)^i^SI2IibJro'f' the C018 family of glycoproteins, being substantially free of natural contaminants; and 
(h) a functional derivative of a member of the CD18 family of glycoproteins, 
lor use in the manufacture of a pharmaceutical preparation lor treating asthma. 

2. The method of claim 1 wherein said agent is said antibody (a) capable of binding to ICAM-I. or a 
fragment of said antibody (a), said fragment being capable of binding to ICAM-1. 

3 The method of claim 2 wherein said antibody (a) is a monoclonal antibody. 

4 The method of claim 3 wherein said monoctonal antibody is the monoctonal antibody Re.5. 

s". The method of claim 1 wherein said agent is ICAM-1. being substantially free of natural con- 

taminants. , 

6 The method ol claim 1 wherein said agent is a functional derivative of ICAM-1. 

7 The functional derivative ol the ICAM-1 of claim 6 which contains ICAM-I domain 1. 

8 The functional derivative of the ICAM-1 of claim 6 which contains ICAM-1 domain 2. 

9 The functional derivative of the ICAM-1 of claim 8 which is a soluble derivative ol ICAM-1 . 

10 The method ol claim 1 wherein said agent is said antibody (e) capable of binding to a member ol 
the C018 family ol glycoproteins: or a fragment of said antibody (e). said fragment being capable of binding 
to a member ol the CD 18 lamlly of glycoproteins. 
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11. The method of claim 10 wherein said antibody (e) Is able to bind to an alpha subunit of said 

member of the C018 family of glycoproteins. m^^f^r 

12. The method of clain-. 10 wherein said antibody (e) is able to bind to a beta subunrt of said member 

of the GDI 8 family of glycooroteins. * . * ^ 

5 13. The method of claim 1 wherein said agent is a member of the CD18 family of glycoproteinst. being 

sul)stantially free of natural contaminants. 

14. The method of claim 13 wherein said member of the CD18 family of glycoproteins contains an 

alpha subunit of a member of the CD 18 family of glycoproteins. 

15. The method of claim 13 wherein said member of the C018 family of glycoproteins contains a beta 
10 subunitof a nn«mber of the CD1 8 family of glycoproteins. u * ^- ^ 

16 The method of claim 13 wherein said member of the CD18 family of glycoproteins is a heterodimer 
comaining both an alpha and a beta subunit of a member of the CD1 8 family of glycopr^^^^^^ 

17. The method of claim 13 wherein said agent is a functional derivative of a member of the CD18 

family of glycoproteins. . * . ^ 

IS 18 A method of identifying an agent capable of therapeutic potential in the treatment of asthma which 
comprises administering said agent to a non-human mammal having received multiple inhalations of an 

The method of claim 18 wherein any increase in ainway responsiveness in said mammal is 
measured with methachotine or histamine. 
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Neu eingoreicht / Nwiy filed 
Nouvollement d^posd 

FIG. 1. 

ens OGC ODB CXC OC OCR OC CTC QIC CR CK SB OCT C16 TIC CCA 9n CCT OQC Mff CDC OC 9CA 1CT tC 
JCC CIC OBC OB 03^ COC VC 010 dB OR JCK IOC MC JBC IDC OC CM? ODC MO TIC TIC QE 9Sh 21t 

vtrtRvitra c ogvtvTC»T«coo»KtLc i » 

CM JCC C3 TTQ OCT JUM MC G« TTO CK CIO OCT OB JWC «C OB MC on TV OM CR KB TO tV 
t T » t r K KBtLtrOHVKJKVTKlSliVQtOtOf U 

KTS IQCTWlO^MCiaCOerOff 0BO61C»«0CTMAiiaCT1CCRMC0niXn JCTCQkWOBOK 417 
NCTSVCrOGQtTAK TrLTVtMT f t U V t I A » 93 

90 OBT COB OCA OQC ODB ODC UQSSiJS OSC CIC SOV 
L > S « 0 » V 0 R in L T I tUCQVKCOAffRA Im t Tl V V t U3 

ct; OCT OB MC OC no MAOB GKGCAocr CIC oaB<MccocTcwoRMCMCiC5GX occic «as n srv 

LRCtltClVRirAVOtVAKVTTTVLVIIftONNlSJ 

« 

0 A I M r » I CATELOLAVOCLEtrC ^ w f «l A r T Q L Q 111 

AS TTT CIC CIC OCA OB JCT ODC OCA CM CTT OXC MC OK OB OIC CIA CM CIC OK MB CMS OB #flC 010 OR TBI TOC CIC GK TTT 
TrVLrATrrOLVSrRVltVDTOCTVVCSLOllS 

OB CR TR OCA SR Its OC ODC OC OK OC CR OCA CR BB GK 0» MB TR AK GDC iCA or «r OC MCO^ tO 
OirrvfCAOVNlAtOOOA tlirTVTTC|!IJt|r 2« 

TQBOKAMaKRACRMrORMCOCAOCOlCOBOKAeCeMOBCRMBRIOCAetAAtACROB AM CM MC CM CM fST 

1 A K ASVtVTAtOCOTQALTCAVIlC |y 0 K| 0 t rj 

ACACRaCAahCRMCJaCTMMCTTTOBOBOKMCORJVTCXABMCOCAOCCRRACMaBMCOBORMACRlOO 
T L 0 I V T t Y «r>A»tlVIlTK»CV ttOTtVTVJQJ 

AASTOTGMOCOCSCTMAOBCMCORMBCRMtfOBORflCAODCCMGCACRaBaBMSOKOMCRCRCRAMOCC IXYI 
ACKAMfRAR V T t ROVRACVtOfRAOLLLRAJU 

MCOCAGMGMAMOBCXMCTRICC IOC TCT OCA MC 00 OC OR OB OE OB Cn AZA CM AM MCJBLflSr CM CR UTI 
T P KOMCRtriCtA T LRVAOOfclRIt lw Q Tl R t I Ml 

OCTCRCRTATOBaxaSACRGMCMMCOOIOraBaQA Mgme Are TBOCACMAArTBCMCMACTOCAARTKCM DIT 
RVITOPAIOSROCPO Iw W Tl MrKMS00T»NC0 31) 

OCTTQ5flBAMQCA?ROXOWC7eAM:orCtAAMC«OKMTTROa^CROB«COBOM10kORACrORMrCQAGO 
AVOVP IPtLR CLROOTPVtriOKSVTVTRDO] 

CTT QM OB MC TM CR RT CE OK AB MC MT CM OB GM OR MC OK OM OR MC OR ANT OR CR TK OK OB TW GM 149T 
L to T T IC RA R STOO S VTRtVTVIiVl t» RTI.4S3 

mOR«CARACTeRmOCAOKOCAOR«AmOKACTOCAOKCR«KMBTMCRTIffAMORCMOBAMMCAMlSn 
IVt tTVVAAAViHGTAOttTTtTW R 0 R R Z R 41) 

AMtMMACrACMCMOOCCMAAAOBMCOKIOQMAaBAMMACMOOCMDaCTOKRA MUlAAJLiXULA Ol ULiULlHiai IM) 
RTRLOQAOROTyilRtMTQATPP* MS 

CJLl^ l lliJJ tf AIIULlUlJ C RimJDL l OL TCMCMMR^ Hn g mTT »OS KAULUJURjiafU^IU I 0 JttA IR} 

CMC MLM I r aJLU,JUU^: Mn3CMICrTAMMM rMrT,lJL I l An.IUUtRIMrUO gOCIMOaCMCMaMayBOMOCRMOM> ^^ l%2i 
lAMgrnMCCRMCMMBOUI lJM^RUJU SMIO tfi m TTT^^ 1040 

AJ luui luuA, 1 1 utxAJL lAi I ui imuxiuM I u>uu^ oeT*MacAM AJiujR,fLRUj rocBittj ajLA^ tm 
TTTyY^TT^rr^^^^-^rrrlT^^r^^7m'r/l^^m^ ir r rrmTrvin rri nnii rnvtr n ri nniiii iniiiirmwrrnr iny 

TATAiq vL ' iu^j wi rxifu cMcrR WJ O(n w nx, ryjui^ i n 1111,1 m n ii aj ujiiuiiauulajir i ii w ii wa rM AfmiuLL M tsu 

TCnCMMT5>aCT> tiJLi^ l TJtfUlUrUg CARM^ W ■ IIJ II iRJU I ClAHUL MCX KJS 

o u i in^ r jL MtcARjo Enj^ i uL M ajciwiij M mTjjj^^ rrn 
ancMMO'CAcxrroocMOTTCAiiiiiLiiuiiiiiiuiL^^ mi 
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